OBRIEN & GERE

5000 Cedar Plaza Parkway / Suite 211 / St. Louis, MO 63128 / 314-842-4550

—
o

Mark Reavis

USEPA

Region VII

726 Minnesota Avenue
Kansas City, Kansas

Gentlemen: We are sendingyou ___X____ herewith

__ drawings _X___ descriptive literature

Transmittalm
S

Date: April 30, 1986

File: 3050.005

66101 Re: NLCC

under separate cover

letters

Quan. Identifying Number

Title

~Action* ‘

2 | February 1986

Ground Water Quality Assessment

LT

RCRA RECORDS CENTER

*Action lettercode: R-reviewed
S-resubmit

Remarks:

N-reviewed and noted I-for your information
J-rejected Y-for your approval

Two copies of the Groundwater Assessment Report on Nixdorff Lloyd Chain Company are

enclosed for your review.

Please call when you've had time to review.

If material received is not as listed, please notify us at once.

cc. R. N. Schulte

RECE‘VED Very truly yours,

MAY 05 1988 O'BRIEN & GERE ENGINEERS, INC.
{ | & q '

USEPA, RCRA Branch “Joseph Fiala






REPORT

GROUND WATER QUALITY ASSESSMENT
NIXDORFF-LLOYD CHAIN COMPANY
MARYVILLE, MISSOURI

APRIL 1986

O'BRIEN & GERE ENGINEERS, INC.
5000 CEDAR PLAZA PARKWAY
SUITE 211
ST. LOUIS, MISSOURI 63128

3050.005



SECTION

1.01
1.02

SECTION
2.01

2.02

2.03
SECTION
3.01

3.02

3.03
SECTION
4,01

4,02
‘4,03

SECTION

TABLES

TABLE OF CONTENTS

1 - INTRODUCTION

Background
Investigation Scope

2 - REGIONAL PHYSIOGRAPHY

Topography and Drainage
Geology
Area Land Uses

3 - FIELD INVESTIGATIONS

Terrain Conductivity Survey

Ground Water Monitoring Well Installations
Ground Water Quality Monitoring and In-Situ
Permeability Tests

4 - SITE HYDROGEOLCGY

Site Geology

Ground Water Hydrology

Ground Water Chemistry

5 - SUMMARY AND CONCLUSIONS

Summary
Conclusions

1. Well Details and Hydrogeologic Data
2. Ground Water Quality Data

FIGURES

ONOOUTLEWN =

Topographic Site Location Map

Site Plan

Cross Sections A-A' and B-B'

Cross Section C-C'

Ground Water Elevations Shallow Wells
Ground Water Elevations Deep Wells
Ground Water Chemistry Map

Terrain Conductivity Map

Page

(o]

10
11
13

16
16



TABLE OF CONTENTS
(Continued)

APPENDICES

A. Terrain Conductivity Data

B. Drilling Logs/Well Details

C. In-Situ Permeability Test Data

D. Glacial Till Grain Size Analysis and Hydraulic Conductivity Test

Data



SECTION 1 - INTRODUCTION

1.01 Background

From the early 1970's to the Fall of 1981, a surface impoundment
owned by the Nixdorff-Lioyd Chain Company (NLCC) in Maryville,
Missouri was used as a depository for process wastes. The process
wastes were generated during the production of low carbon steel
chains. The principal contributor to the impoundment was the pickling
operation where waste pickle liquor from plating operations and caustic
rinses were generated. Spent pickle liquor from steel finishing
operations is a listed hazardous waste per regulations promulgated by
the Resource Conservation and Recovery Act of 1976 (RCRA). As a
recipient of listed hazardous wastes, the surface impoundment became a
treatment, storage or disposal facility (TSDF) and subject to regulation
under the RCRA program. -

No discharges to the lagoon have been made since October 14,
1981, when the pickling operation was discontinued. Presently an
in-plant treatment facility is used to reduce and neutralize process
wastes. The lagoon's contents were neutralized and decanted in
November of 1984, NLCC awaits final Missouri Department of Natural
Resources (MDNR) approval before completing closure activities.

Four wells were installed in 1982 by NLCC to fulfill RCRA ground
water monitoring requirements for a surface impoundment per 40 CFR
265 Subpart F. Subsequent collection and analysis of ground water
samples from the wells was completed. Analytical results indicated a
statistically significant increase in RCRA ground water indicator

parameters hydraulically downgradient per the USEPA student's test



statistical data evaluation method. These results were reported to
personnel from USEPA Region 7.

The owners of the surface impouncment were directed by USEPA
Region 7 to develop and submit a proposed Ground Water Quality As-
sessment Plan (GWQAP) per 40 CFR 265 Subpart F. A proposed GWQAP
was submitted in November 1984. Final approval of the plan was gran-
ted by USEPA Region 7 in November 1985.

This report serves to document the investigatory activities com-
pleted as part of the GWQAP. Additionally, discussions regarding the
site geology and ground water hydrology are included. Ground water
chemistry is evaluated relative to the identifiable effects caused by the
surface impoundment. This report is submitted in fulfillment of the

requirements of 40 CFR 265.93.

1.02 Investigation Scope

The investigation scope of the GWQAP was designed to accomplish

two primary objectives. These were:

1, Evaluate the contribution of the in'active surface impoundment
to the observed elevated indicators of ground water
contamination at existing downgradient wells.

2 Determine of the horizontal and vertical extent of observed
elevated ground water contaminant indicators.

Several different work tasks were completed to meet the above

study objectives. Specifically these incvluded:

T Completion of a non-contacting fixed spacing electromagnetic
geophysical survey.

p Installation of additional ground water monitoring wells.



c Cround water elevation measurements and in-situ hydraulic
conductivity testing.
4, Ground water quality sampling and analysis.
Prior to implementing the CWQAP representatives of the owner and
personnel from USEPA Region 7 agreed to its objectives and scope in a
number of phone conversations held between the period September 1985

and November 1985.



SECTION 2 - REGIONAL PHYSIOGRAPHY

2.01 Topography and Drainage

The NLCC facility is located in the SE{SW3i section 16, Polk Town-
ship (T64W,R35W), Nodaway County, Missouri and situated west of and
within the flood plain of the One Hundred and Two River. A
topographic site location map is included as Figure 1. The flood plain
is relatively low relief with elevations ranging between 295 and 305 feet
above mean sea level (msl). To the west of the site, the land surface
changes to more moderate relief with elevations range from 305 to 340
feet msl. From the topography, it is evident that the surface water
drainage in the vicinity of the site flows generally due east, towards

the river.

2.02 Geology

Regional surfacial features are the result of Kansan Glaciation
which took place in the early to middle Pleistocene. Unconsolidated
deposits consisting of OL‘ltwash silts, sands, and gravels and glacial tills
underlie the area. A thickness of approximately 80 feet was reported
at the location of an on-site supply well (Appendix B) although it is
not known if the unconsolidated zone was fully penetrated.
Consolidated sedimentary bedrock of the Pennsylvanian Age Virgilian
Series exist beneath the unconsolidated deposits (AAPG; Mid-Continent

Region Geologic Map; 1966).



2.03 Area Land Uses

The manufacturing building of NLCC faces U.S. Highway 136 near
the south property line (Figure 1). Included in this building area is a
shipping and storage warehouse. The lagoon area is located at the
western property line several hundred feet from the highway. The
majority of the northern half of the site is open field which has been
farmed in recent years.

The corporate limits of Maryville, Missouri lie- within a half mile to
the west of the site. A Missouri Highway Department facility is located
on an adjoining parcel of land due west of the site. This facility
stockpiles de-icing road salt and road tar on the property.

Two power substations are located in the vicinity of the site. One
of these stations is located directly south of the abandoned lagoon.
The larger of the two substations is located across Industrial Road to

the east of the site. These features are illustrated in Figure 2.



SECTION 3 - FIELD INVESTIGATIONS

3.01 Terrain Conductivity Survey

A terrain conductivity survey was conducted by O'Brien & GCere
Engineers, Inc. (OBg&G) personnel between the traverse lines shown in
Figure 2. A Geonics, Ltd. Terrain Conductivity Meter (Model EM-31)
was used to complete this survey. The purpose of this task was to
assist in detecting and determining the limits of the previously detected
high conductivity shallow ground water in the vicinity of the closed
lagoon. Traverses were conducted radiating eastward from the lagoon.

Data from this survey is included in Appendix A.

3.02 Ground Water Monitoring Well Installations

Per the agreed upon work plan, a total of ten monitoring wells
were t;) have been installed at the Nixdorff—Lond. Chain‘ Company
(NLCC) facility for the purpose of monitoring the upper and lower
portions of the water table aquifer. Eight of these wells were to be
corr;pleted as four nested pairs. The other two wells would be deeper
wells set adjacent to existing wells MW2 and MW4 to complete nested
pairs at these locations.

It is important to note here that the purpose of completing wells
MW5S and MWS5D was to establish additional upgradient wells. The
existing upgradient well MW1 is located a large distance to the north
from the impoundment area and, therefore, may not adequately
characterize background ground water quality should ground water flow

in an easterly direction.



During the completion of the first borehole for the installation of
‘additional ground water monitoring wells MW5S and MW5D, a dense till
unit was encountered. Visually, this material appeared to be
unsaturated and of low permeability. Completion of subsequent
boreholes for additional well installations across the site confirmed the
areal extent of this layer. A minimum of seven feet of this till unit was
penetrated at all new monitoring well locations (Figure 2). The
occurrence of this till layer was somewhat anticipated as it was
reportedly encountered at the location of the on-site supply wells.

Due to the occurrence of the low permeability till layer, a field
decision was made which modified the GWQAP with respect to the
monitoring well installations. The deeper wells were set at the top of
the till deposit which resulted in shallower depths than originally
anticipated and, therefore, shorter vertical distances between the
shallow and deep wells of the nested pairs. At fhe two well locations
(MW7 and MW8) where the saturated thickness of the shallow aquifer
was less than 15 feet thick, a single well was installed instead of the
originally proposed well nest. As a result of these changes, only eight
of the ten proposed monitoring wells were installed.

Boreholes for the eight newly-installed monitoring wells were
completed by P.S.l., Inc. using convenfional hollow-stem auger drilling
methods. Soil samples were collected every five feet or change in
formation using split-barrel sampling methods (A.S.T.M. D-1587-67).

Undisturbed samples were collected with Shelby Tubes 5 feet into
the till layer at the MW2, MW4, MW7 and MWS8 locations. An additional
sample was collected 15 feet within this material at MW7. These samples
were used to evaluate the grain size distribution and permeability of
this till using ASTM methods D-422 and STP 47D respectively.

7



Each monitoring well installed by OB&G was constructed of 2-inch
I.D., 0.010 inch slot, PVC well screen connected to a 2-inch |.D. PVC
flush joint threaded riser casing. A washed sand was placed around
MW5S and MW6S well screens due to the fine grained material encoun-
tered at these locations. The native saturated sand was allowed to
collapse around installed well screens in the remaining wells to create a
natural sand pack.

A 2-3 foot thick bentonite seal was placed above the sand packs,
and the remaining annulus was filled with bentonite/cement grout. A
four-inch locking steel cover was then placed over the well and cement-
ed in place. Specific well installation details are presented in
Appendix B.

All drilling and sampling equipment that may have come in contact
with potentially contaminated material was decontaminated using ‘a high
pressure steam cleaner followed b); a coﬁtrol water rinse. Water gener-
ate during decontamination was disposed of on the ground surface
adjacent to the well site.

Newly completed monitoring wells were developed using air surging
methods. The development process was continued until each well yield-
ed sediment free water. Water from well development was discharged

onto the adjacent ground surface at each well.

3.03 Ground Water Quality Monitoring and In-Situ Permeability Tests

Ground water samples were collected from each of the monitoring
wells on Wednesday, November 13, 1985 and December 18, 1985 by
OB&G personnel. Prior to collection of the samples, ground water
elevation measurements were made. These elevations are summarized in
Table 1. Each of the monitoring wells were then evacuated using a

8



centrifugal pump with dedicated hoses for the first sampling event and
stainless steel bailers for second round of ground water samples. The
wells were allowed to recover at which time samples were collected using
a stainless steel bailer attached to polypropylene cord. The bailer was
decontaminated after each use with an acetone wash followed by a
control water rinse. New polypropylene cord was used for each well in
order to avoid cross contamination.

The. samples were placed in containers and packed in coolers with
ice for transport to the laboratory for analysis. The samples were
analyzed for pH, specific conductivity, fluoride, nitrate, chloride, lead,
zinc, iron, chromium, sodium, sulfates, total organic cafbon, total
organic halides and volatile halogenated organics. These parameters
were selected as those which best represent the historical content of
the lagoon. All analytical procedures were in accordance with accepted
EPA protocols. Chain—bf—Cusfody procedures were followed. Ground
water analytical results are summarized on Table 2. Specific analytical
methods used are also indicated on Table 2.

In-situ permeability tests were conducted in all of the monitoring
wells except MWI1. The method used for this test involved rapidly
evacuating a volume of water from the well to create a hydraulic differ-
ence between the wéll and the surrounding aquifer. The recovery rate
of the water level in the well was then monitored. The value for the
hydraulic conductivity at each well location was then calculated using
Hvorslev's formula, an acceptable method for single well hydraulic

conductivity tests. These data are included as Appendix C.



SECTION 4 - SITE HYDROGEOLOGY

4.01 Site Geology

Newly constructed ground water monitoring well borehole logs have
been used to construct cross sections to depict the sites subsurface
lithology. The locations of the cross sections are shown on Figure 2.
Cross sections are illustrated on Figures 3 and 4. Review of the cross
sections and monitoring well boring logs (Appendix B) indicates that
three different subsurface units are distinguishable.

Silt with clay and some sand occurs at the surface and extends to
a depth of between 11 and 19 feet below ground level. The color of
this unit varies from green to gray to red brown with frequent iron
stains. Saturation was observed 5 to 7 feet below the land surface.

Beneath the silt layer, interbedded ‘fine to coarse gra'in sand
occurs. This matérial is gray in color, saturated throughout and
becomes less sorted with depth. This is the formation in which the two
on-site water supply wells are screened (Appendix B).

Silt and clay glacial till underlies the sand formation. This unit
occurs at a depth of between 26 and 35 feet below ground level.
Traces of coarse sand were noted throughout this formation mixed into
the silt and clay matrix. The unsorted and unstratified nature of this
unit is typical of glacial tills. This formation is also identified in an
available well log for the supply wells and indicates that the till extends
to a depth of 80 feet. Given this significant thickness and that the
unit was encountered throughout the site, it is apparent that the till
represents a local and likely regional aquiclude that defines the lower

boundary of an upper unconfined (water table) -aquifer.
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4.02 Ground Water Hydrology

Ground water elevations have been recorded on three separate
occasions since the completion of the additional monitoring wells. These
data are summarized in Table 1. Data recorded on November 13, 1985
have been used to construct Figures 5 and 6; generalized ground water
elevation contour maps for shallow and deep wells respectively.

As shown in Figure 4, horizontal ground water flow is generally
east-southeast. In the vicinity of the lagoon, however, a diverting
flow pattern is apparent. This pattern of constructed ground water
contours is strongly influenced by the relatively high ground water
elevation observed at Well MW3. Althoﬁgh the high ground water level
at MW3, as compared to adjacent well groups MW2 and MW4 which have
water levels consistently 3 to 4 feet lower, cannot specifically be
accounted for, it is likely that localized ground water mounding is
oc'currincj. This may be caused by the lagoon serving as a localized
recharge area due to surface ponding of precipitation (as it is out of
service and not receiving a hydraulic load from wastewater). This
ground water mound, for an unknown reason, is slightly elevated in the
area of MW3. This effect will not likely continue subsequent to final
covering and closure of the impoundment. Further hydraulically
downgradient the diverting flow pattern becomes less apparent and
returns to a predominantly east-southeast direction.

Figure 5 illustrated the interpretes ground water flow pattern
using data from monitoring wells installed at the base of the water table
aquifer. Review of this interpretation indicates that flow direction is

due east under a relatively shallow hydraulic gradient of 0.008 ft/ft. A

11



deep monitoring well at the location of MW3 is not available to determine
if the deeper portion of the water table is influenced by recharge from
the impoundment area. By removing this data point, however, a
ground water flow pattern likely more representative of regional ground
water is apparent. This predominant easterly flow direction is consis-
tent with local surface drainage and physiographic condition with par-
ticular regards to the position of the One Hundred and Two River
approximately one mile due east. This river channel likely serves as a
regional discharge boundary for shallow ground water.

Recalling earlier discussions, it was stated that the previously
existing well MW1 was likely unsuitable to serve as an upgradient well
as it far removed from the upgradient flow path and water passing
through MW1 would not pass near or beneath the impoundment. It is
apparent from the above discussion and in particular, Figures 5 and 6
that the newly established MW5 group is better able to evaluate back-
ground ground water quality as it is located nearer in the upgradient
flow path of the surface impoundment.

Results of the in-situ hydraulic conductivity test completed are
summarized on Table 1. Raw data is included in Appendix C. Review
of Table 1 indicates that the horizontal hydraulic conductivity for upper
silt formation and the underlying unsorted sand unit range between 0.5
GPD/ft? (2.4x10 °cm/sec) and 42.4 GPD/ft’ (2.0x10 3cm/sec). These
end range values are each approximately three times lesser or greater
respectively than the next calculated values. Referring to Table 1, if
these low and high values are disregarded, the remaining results very
near each other averaging 7.4 GPD/ft2 (3.5x10_ucm/sec). This value is
reasonable for the type of subsurface material observed, i.e., silts and
sands.

12



Although the differences in grain size of the two upper formation-s are

distinguishable in the field, the variability their hydraulic conductivities

is minor and suggests that they function as a single hydraulic unit.
Ground water flow velocity across the site has been estimated

using a modified Darcy's Law expression to calculate lineal velocity.

\% = Kl
7.48Sy
where:
\ = average lineal velocity 2
K = hydraulic conductivity (7.4 GPD/ft")
| = hydraulic gradient (0.008 ft/ft)
Sy = effective porosity (estimate 0.25 for silt and sand)
then:
\% = 7.4 x 0.008
7.48 x .25
= 0.03 ft/day .

11.6 ft/year

Crain size and vertical hydraulic conductivity test results for
glacial till samples are contained in Appendix D. These analyses
indicate the till has a low hydraulic conductivity with values averaging
7x10_7 cm/sec (0.01 GPD/ftz). Given its low hydraulic conductivity,
the glacial till formation serves as an effective barrier to vertical

ground water flow.

4.03 Ground Water Chemistry

Table 2 summarizes the ground water quality results of samples
collected on November 13, 1985 and Deéember 18, 1985. Figure 7
graphically illustrates the results at individual shallow well locations of
those parameter; that showed concentrations above the detection limit.

’

Note that results for lead and cadmium are not shown on Figure 7, as

13



referring to Table 2, they were not detected above 0.01 ppm. Addi-
tionally, it should be pointed out that the concentrations shown on
Figure 7 are the highest reported value of the two sampling events and
in some cases values shown at a particular well may be results from
different sampling times. The illustration is intended to show the
spacial distribution of relative concentrations across the site.

Review of Figure 7 and Table 2 indicates that the majority of
parameters are observed in the highest concentrations upgradient of the
site at MW5 group. Excep‘tions to this are:

1.  Fluoride is elevated compared to that observed at MW5 group,

at downgradient wells groups MW4S, MW6S, MW6D, MW7 and to
a lesser degree at MW8,

2. Zinc is elevated at MW4 group as compared to MW5 group.

3. Sulfate is elévated at wells MW2S, MW2D, MW3, MWLLD, and on

one of the sampling occasions, at M’WL&S and MW3.

The organic indicator TOC (total organic carbon), also was
observed in higher concentrations at the upgradient well MW5S in the
second set of samples than downgradient.

Figure 8 illustrates the results of the non-contacting terrain
conductivity survey completed downgradient of the surface. The
survey results appears to have identified the high conductivity ground
water directly adjacent to and downgradient of the impoundment. Two
other anomalies are apparent; one east of MW2 group and one at the
southeast corner of the survey area. Given the proximity of power
substations in the area, a large amount of interference exists in the

area making it inappropriate to interpret individual anomalies.
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From Figure 7 and Table 2, it is appa}‘ent that the spacial dis-
tribution of both inorganic and organic parameters strongly suggests
that an upgradient source of these materials exists. This was prelimi-
narily determined following the review of the second sampling round
analytical data. Subsequently, a re-inspection of the area immediately
hydraulically upgradient of the site, was completed on February 19,
1986 by personnel from OB&G. The inspection of the property was
made from the Norfolk and Western railroad right-of-way. The results
of the inspection revealed the presence of what appears to be a bulk
road salt storage pile. Additionally, an uncontrolled, unremediated loss
of road patching tar is evident at the property fence line. This tar
material appeared very viscous, although the ambient temperature was
approximately 35°F at the time, and has made its way into a small
drainage ditch on the west side of the railroad embankment. Both of
these materials, road salt and tar', can contribu"ce to the concentrations
of analytical parameters monitored around and downgradient of the
inactive surface impoundment. Civen the existence of hydrauiically
upgradient potential sources of ground water contaminants, conclusions
cannot be drawn as to the contribution of the monitored water quality

parameters attributable to the inactive surface impoundment.
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SECTION 5 - SUMMARY AND CONCLUSIONS

5.01 Summary

A Ground Water Quality Assessment Plan (GWQAP) has been com-
pleted at the site of an inactive surface impoundment owned by
Nixdorff-Lloyd Chain Company and located in Nodaway County,
Missouri. The GWQAP was completed in accordance with a work plan
approved by USEPA Region 7 as per and in accordance with 40 CFR 265
Subpért F. Specifically, the following investigation work tasks were
completed:

1 Geophysical Survey.

2. Ground Water Monitoring Well Installation.
3. In-Situ Hydraulic Conductivity Testing.
4.  Ground Water Elevation Monitoring.

5. Ground Water Quality Sampling and Analysis.
This document summarizes in detail the investigation method and
procedures and presents interpretations regarding the hydrogeology and

local ground water quality.

5.02 Conclusions

The completion of the GWQAP has resulted in the following con-
clusions:
1. The site is underlain by three identifable unconsolidated
deposits which are in descending order:
a. Silt with clay and sand from the surface to between 11

and 16 feet below ground level.

16



b. Unsorted éand beneath the silt to a depth of 28 to 36
feet.

c. Glacial till beneath the unsorted sand to an estimated
depth of approximately 80 feet.

Shallow ground water occurs beneath the site at depths of

between 5 and 7 feet.

Although visually distinct, similar hydraulic conductivities

between the silt and unsorted sand formations suggest they

function as a single hydraulic unit. The estimated average

hydraulic conductivity for these materials is 7.4 GPD/ftZ.

The glacial till underlying the unsorted sand formation has an

average vertical hydraulic conductivity of 0.01 GPD/ft2

(7x10_7cm/sec) and act as a barrier to vertical flow. |

Ground water flow' is in an east-southeast direction across the

site‘ under a hydraulic gradient of 0.008 ft/ft and at an

estimated velocity of 11.5 ft/day.

Ground water quality data suggests an upgradient potential

source of inorganic and organic ground water contaminants

exists.

The ground water quality data base is insufficient to deter-

mine to what extent the inactive surface impoundment is

contributing the observed concentrations of ground water

quality monitoring parameters.
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Respectfully Submitted,

O'BRIEN & GERE ENGINEERS, INC.

Ede_ O
Edwin C. Tifft, Jr.
Vice President

/{ M e / i/

Dean L. Palmer
Managing Englneer

Prepared by:

James T. Mickam, C.P.G.S.
Managing Hydrogeologist

Deborah &. Wright
Project Hydrogeologist

Peter G. Bogardus
Hydrogeologist

Joseph J. Fiala
Designer
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O'BRIEN & GERE

Report of Boring No. WM 2s, cod

ENGINEERS, INC. TEST BORING LOS Sheet | of |
“IProject Lecation SAMPLER Grourd Water Depth Date
Maryville, Misscuri Tyoe: Depth - Date -
Client: Hammer:
Nixdorff-Lloyd Chair Cospany Fall: File No. 3020.005
iBorir:g Co. Omaha Testing Division - P.5. 1. Berinp Location: Mw 2s, 2d
Foreman: Scott Kratz Erourd Elevation:
0BG Geolopist: Peter Bogardus Dates: Started: 11/8/83 Erded: 11/8/83
Sample Stratum R
Sample Change Equipment yiotant »
Depth Peretrn/! Depth Blows Description General Installed AP k
$#|Recavery /8" Descript s¢
o' it 0-1.5 3-4-5{6ray, mcist, SILT, scme fine Samd, trace
Clay
3!
a2 5-6.5 3-4-51bray-green, woist, SILT, scwe Clay, trace
fine Sand. (iron oxide stains)
i
{013 10-11.5 2=2-3{Red-brown, moist, SILT, some Clay, trace
fire Sard. (irom oxide stains)
14
15'14 {5-18.5 5-8-12{Red-green, mcist, SILT and FINE SAND, little
Clay. (ircon oxide stains) 19
19
ZULIS L §-8-4{6ray, wet, FINc SRND
'a"l
25"t 23-26.5 7-13-13|Gray, wet, FINE to CDARSE SAND, little fire
Bravel
3017 30-31.5 6-7-10
3.3
33 15 35-38.5 SHELEY{6ray-black, moist, CLAY, some Siit, trace

coarse Sand




| O'ERIEW & GERE
ENGINZER3, INC.

TEST BORING LOG

Report of Boring No. MW 4s, 44
Sheet | of |

roject Location
Maryville, Missouri
Tlient:

lixderff-Lloyd Chain Company

SAMPLER
Tvpe:
Hammer:
Fall:

breund Water Depth

Date

Depth - Date -

File No. 3050,003

vsoring Co. Owaha Testing Division - F.&. 1.

[Foreman: Scoti Kratz

S Geclcgist: Feter Bogardus

Boring Location: MW 4s, 4d

Ground Elevaticm:

Dates: Started: 11/8/85

Ended: 11/8/85

Sample Stratum R
1 Sample Change Equipment n
Depth Peretrn/{ Deoth Blows Description Gereral Installed k
§|Recavery /8" Descript s¢
it 0-1.5 6-6-6{0range-brown, moist, SILT, scwe fire Sard,
! trace Clay
3
' {
|
g'ie 8.5 3-5—olbray-green, moist, SILT, scwe Clay, trace
: fire Sand. {iron oxide stains)
i
| o
i 1213 10-11.5 {-1-2{6ray-oreen, moist, SILT and CLAY, trace fire
Sard. {irom cxide stains)
|
y 15!
! 18' 14 {5-18.5 2-3-4 Gra_v-g:een, moist, SILT, some Clay, trace
firne Sand
! ia
] 245 20-21.% {-1-1{Bray, wet, FINE to MEDIUM SAND
|
!
KGR 2526, 5 §-8-11 25
- Gray. wet FINE to COARSE SAND, little fire
{ Bravel.
{
!
w17 30-31.5 7-8-5
i
}
3""
]
| 42° 18 35-35.5 Shelbyibray-black, meist, CLAY, little Silt, trace
{ ! ' coarse Sand
{




| O'ERIEN & GBERE
ENGINEERS, INC.

TEST EORING LO6

Repart of Eoring No. MW Ss, Sd
Sheet 1 of !

Project Lecation

IMaryville, Missouri

IClients

Nixgerfi-Llovd Chain Company

SAMPLER
iTyoe:

lHammer:

Fall:

Date
Depth - Date -

Brourd Water Depth

ﬁFi le No. 3050. 005

Bering Co. Owsha Testing Division - F.S. 1.
Fereman: Scoit Kratz
066 bevlopist: Peter Booardus

bround Elevation:

Dates: Started: 11/5/85

Eoring Location: MW Ss, 3d

Erded: 11/5/65

Samole Stratum R
; Sample Charge Equi pwerd d u
{ Depth Feretrn/{ Depth Elows Description Gereral Installed 3 K
| Recavery /8" Descript HNU {s#
| ot 0-1.5 3-3-41bray, moist, SILT, scwe crpanics
1
at | i
Il ! i
i s
‘ 62 0.5 3-4-7\bray-oreen, mcist, SILT, scwe Clay, trace
1‘ fine Sand
|
! f
{ { |
12'{3 10-11,5 2-3-6 ;~
) |
| #
l !
i
P
1 13 ; :
’ 18' {4 15-18.5 2-2-3{Black, wet, SILT, scwe fine Sand !
15,5 !
i )
! {
é
241z 20-21. 5 2-3-416ray, moist, SILT, scwe Clay, trace fime
| . 15and., {varved silt and clay lemses)
22,5
|
l
30" {5 23-26.5 S-4-olbray. wet, FINE to MEDILM SAND |
|
{
!
{
387 30-31.5 7-12-17i6ray, wet, FINE tc COARSE SAND
{1/2 inch silt lemse at 31.5 feet)
i
i
32
' 42118 35-38. 3 7-10-111Bray-plack. moist. CLAY, scme Silt, trace
i Cearse Sard.




O'ERIEN & GERE Report of Borin? No. MM 55, 30
ENGINEERS, INC. TEST BORING LO6 Sheet [ of |
L
I [Pro.}'ect Location SAAPLER Eround Water Depth Date
Maryville, Missouri Tyoe: Depth - Date -
Client: Hammer:
(Nixdorff-Lloyd Chain Company {Fan: File No. 3050.005
' Boring Co. Omaha Testing Division - P.S.1. Boring Location: Md bs, 6d
\Foreman: Scott Kratz Ground Elevation:
0BG beclogist: Peter Bopardus ', Dates: Started: 11/3/85 Ended: 11/6/85
0 Sample Stratum R
Sample Change Equipment ]
Depth Penetrn/{ Depth Blows Description General Installed k
l #{Recovery /8" Descript HNY {s*
] o 0-1.3 8-5-7i6ray, moist, SILT, some fine Sand, trace Clay,
organics ,
3 |
l |
{
| i
Lo
LY 5-6.5 3-3-5{6ray-green, moist, SILT, some Clay, trace |
fine Sand, {iron oxide stains)
9!
10'43 10-11.5 {-2-2|6ray-green, wet, FINE SAND, little Clay
»
15
I 13 15-16.5 2-3-3{6ray, wet, SILT, some Fine toc Medium SAND < e
i
- 20-21.5)  7-12-15 20.5'
‘ Gray, wet, FINE to CORRSE SAND
|
; 2518 25-26.5 6-7-11
5.5
1
30 30-31.5 4-8-3{Bray-black, moist CLAY, some Silt, trace
i coarse Sand




! O'BRIEN & GERE

Report of Bering Noo MW 7

|
i
ENGINEERS, INC. ’ TEST BORING LO6 Sheet { of |
lFroject Location ¢ SAMFLER Ground Water Depth Date
Maryville, Kisscuri [Type: Deoth - Date -
Cliert: Hammer:
Nixderff-Licyd Chain Company iFal): File No. 3050,005

!Earing Cc. Omaha Testinp Divisiom - F.S. 1.

'Foreman: Scott Kratz

0BG Geoclopist: Peter Bopardus

| Boring Location: Ma 7
Ground Elevatiom:

{ Dates: Started: {1/5/83

Erded: 11/7/85

¢ Sauple Stratum Field Testinp |R
| Sample Change Equipment "
Depth Fernetrn/! Depth Blcows Description Beneral Irstalled So k
#{Recovery /" Descript pH | Cord {HNU [s%
! o' {1 0-1.5 4-4-51Gray, moist, SILT, scme fine Sard, trace
l ' Clay, arpanics _
=1 1
I
|
82 0.5 2-3-5{0ranpe, moist, SILT. some Clay, trace fire
i Sard. {ircn oxide stairns) S o
I
! {2*13 10-11.3 2-2-316ray-preen, mcist, SILT, scme Clay, trace
‘ firne to coarse Sard. (iron oxide stairns) {f'
Red-browrn., moist, SILT, scme Clay, trace
l fire to coarse Sard. (irom oxide stains) 137
{
13" 14 {5-16.5 5-10-101Bray, wet., FINC SAND, (silt lenses) »
f . is!
|
i
’ -
| 24" {5 20-21.5 8-10-10{6ray, wet, FINE to MEDIUM SAND
! 23
!
| s
s 25-26.5 S-11-St6ray, wet, FINE to COARSE SAND, some fire
1 to coarse bravel, trace Clay
=y
|
! 37 30-31.5 SHELEBY {brav-black, mcist, CLAY, little Silt, trace
coarse Sard
|
!
|
Lozl b-41,5 SHELBY
! N3. REC
{
]
]
t
oy 4555, 5 SHELEY
0 4b, 5-47 SHELEY




0'ERIEN & BERE Repcrt of Boring No. MW 8
ENBINEERS, INC. TEST EORING LO6 Sheet 1 of |
gF‘ro_ject Location ! SAMPLER brourd Water Depth Date
Haryville, Missouri Type: Depth - Date -
Client: Hammer:
lHixdcmff—Llc«yd Chain Cempany Fall: File No. 3030, 003
ch«ring Cc. Omana Testing Division - F.S. 1. Boring Locatiom: MW 8
Fereman: Scott Kratz Bround Elevation:
0BG becicgist: Feter Bopardus \ Dates: Started: 11/7/85 Erded: 11/7/83
1 Samole Stratum Field Testirmg (R
Sample Chane Equipment | ‘ ]
Decth Feretrn/!{ Depth Blows Description Gereral Installed Sp K
i #irecovery /8" Descrint oH | Cord {HNU {s#
i Ui ©U-1.3 3-5-olbray, moist SILT, scwe fire Sand, trace Clay, !
orpanics.
3‘
! iz 8.5 3-4-316ray-green, moist, SILT, scwe Clay, trace
| fire Sard. (iron oxide stains)
i
|
10443 10-11.5 2-2-2 it
; Gray, wet, SILT, scme CLAY |
| !
g I3
!
i
13714 15-18.5 3-4-5ibray-green, moist, SILT, scwe Clay, trace
, fire Sard. {irom oxide stains)
f |
!
{
{ !
! b I e
! 205 ! 20-21. 31 4-3-8!bray, wet. FINC SAND, scme Clav, trace Silt
i
i
{
25!
! 2% 1s 25-25.5 11-11-1516ray, wet, FINE to COARSE SAND, little fine
! ; Gravel. 7.5
i
| ;
o7 ! 30-21.5 S-5-51bray-black, mcist Clay, scme Silt, trace
} | coarse Sard.
{ 1
!
f
| i
! !
|
Iis } | I53-36.3 SHELEYI- EOF 3.3 ;
; L 1 i i




TR

INVOICE

o {ayne-lestern Company, Inc.

WATER WELLS o LAYNE PUMPS e TEST DRILLING e WATER TREATMENT EQUIPMENT
1010 West 39th Street ® Kansas City, Missouri 64111 ® AC 81&‘:'931-2353

" SeldTo  Lloyd Chain Corp., Date 4-22-70
Highway 136

" . . CUST. ORDER
Maryville, Missouri

KC 633-B

OUR ORDER

Attn: Mr. Norman Craig our Inv. No. 4518

TERMS: NET ~ggshPAYsS SHIPPED VIiA F.O.B.
T
|
| For t&st drilling and installation of 2 water !
| supply wells at plant on Highway 136, Maryville%
: Missouri ?
| | ‘
| 203 lineal feet of test boring @ 2.75 per ft... $' 558.25 |
: \
2 - 6" x 15" gravel wall wells @ 975.00 ea. ... 1,950.00
$ 2,508.25
! {
| |
| |
.
{
f
ik
|
\ 1
o
L
i
f

19 Interest Per Month Charged From - |
, 30 Days Afeer Date of Invoice ]



TEST HOLE REPORT

e Lagne Wtom C
=ENESs ayne estern ompany

Couriract Nama Lloyd Chain Corporation TEST HOLE
ity Maryville Gtate. Missouril Driller J. Harper

‘ ' E. 5' S. o e Buildin
Test Hole Location e 5' S§. of S corner of Buil g

Distance and Direction from Permanent Landmark or Previous Test Hole

TEST LOG
MARSH Static Water Level __________ Measured
MUD PIT
FROM TO V'F:::;; Loss — Hours After Completion
STCONDS INCHES FORMATION
o'o” 1'o" : Brown clay £fill
1'o" 5'0" : Dark gray clay, stiff
5'oM 11'o0" Gray clay, stiff
11 20" 20%g" Dark brown clayey silt, soft
' i
20'0" ' 22'0" " . Gray sandy clay, soft
220" 250" water | 2" Gray med. to coarse, some fine sand
25'0" 30'6" " 5% Gray med. to coarse, tr. fine sand, gravel
30'e" 8o'o" Gray sandy clay, few boulders, stiff
go'o" Total degpth
5¢0" 3'6" 4'0"
+ . NOTES: Size of Pit X X




< e ey

7 g >
1EMJi7e
pame ) 4

WELL INFORMATION

‘——/.___-—’:' "
P ;=
= ~
. 2 /

/

S T
el Layne-Western Co. inc.
1. CONTRACT.. lLoxD. . CHain. CorRRE... || 5. Driler.2.d. HAarRPER.
........................................................................................................ 6. DATE.. 4 =1O=T10 ..
2 City,State..MA?.Y.VIL..L_E.l...ML‘SS.C?L_\.@L...-..._. 7. DateStarted 4 =2 -10.....
Completed....... 4- "GL"7O .........
3. Well No..Z...No.. at Test Hole No.. 2. 8. Drill Crew Man Hrs...oooooooooooooo...
{
4. Well Location (attach map)...Z.Z.S......NO.ZI'.H...QE. 9. Working Days
Weu No. L g 150 EasT. oF.... DIING. v
......................... BRLILDING.. . INE Other......o. . oo
10. MATERIAL IN WELL~ WAL f —
THICK- MATERIAL TYPE ! NO.
R |
- SHUTTEZ "‘]
Screen b Al i - Shutter
‘ é .Q ..L_o 5‘-‘-%“— Kopilone Openings
Inner Casing Vol ’ i =W
236" L | L STEEL. et
B
Outer Casing N[O N| E ——— :
meames  [em— e s Screwed J
11. GRAVEL 13. WELL DIMENSIONS
-~ {
Size #-3 ...... #4‘613‘\\/1:.1-_ ................ A. Total Depth ........... 281101 ......................
i pPlus | ton conci= .
Tons 2°2._ "' sand (From Top of Inner Casing to Bottom of
Well)
= : . I Al
B. Height of Inner Casing....... IO ..................
12. SEALING CASING
(Above Ground Level)
Puddled Clay (Yes) (No) :
. [ 4_1 i
With 4— Bags Bentonite Added C. Distance to Top of Gravel....{ 9. QO
or (I'rom Ground Level)
With ............ Bags Cement ' i
D. Diameter of Drill Hole .. {&. .
Seal Material Placed in
Well With.... SHQVEL. -
Comments
Bottom of Well Sereen
Sealed With . WASIH.... PLUG

Lw-39




({ayne) &
el Layne-Western Co. Inc.
\ l .
1. CONTRACT.bteoX ...l Hawn . CoRa..... 5. Driller.O..s8 . HarrP=g2
........................................................................................................ 6. DATE.. 4 -1O-10 ...
2. City, State...MAKX.\/.LLLE..(...M..lS%.O.LiRI .......... 7. DateStarted. 4 -&:70 . .
......................................................................................................... Completed....._4...‘.'..6."1.:..7.Q...........
3. Well No..l...S0... at Test Hole No... | ="1O ... 8. Drill Crew Man HrS......ooooooooeoooo....
4. Well Location (attach map) ....ccooooveemo 9. Working Days
] | U
Ig%T%‘QSOU'THOF ..................... Drilling .ooeeeeeeeeeeeeeeeeeeeeeee
L E. CORNER.. . oF.  BLUILRING.. .. Other. ... oo,
10. MATERIAL IN WELL WALL
THICK- MATERIAL TYPE NO.
s T e |
‘ " SHUTTER 7
Screen i Shutter
é .Q. _(_‘i —_— . 6TEE’L‘ Ledusione Opanings
. i i <L REWED
Inner Casing Z_(e i_a_' (z L STESE ;:n_:.:
Outer Casing N O NIE | Welded
RS —— — —_— Screwed
11. GRAVEL : 13. WELL DIMENSIONS
* T
Size #34‘4-6/34\/51_,?/!-/53/4.7[0” A. Total Depth ............. =Y W P
Corncrets <and .
TONS o xD3eeeeeeeeeeee (From Top of Inner Casing to Bottom of
) Well)
i
B. Height of Inner Casing........ 1L.O
12. SEALING CASING
(Above Ground Level)
~~ Puddled Clay (Yes) (No) | :
{
With 4_- Bags Bentonite Added C. Distance to Top of Gravel.. 4. Q.
or (IFrom Ground Level)
With ... B C t o i
' Sl Cemen D. Diameter of Drill Hole ... ‘8 ...................
Seal Material Placed in
Well With.. . SiHONVE ..
Comments
Bottom of Well Screen
Sealed With . WASH.. PLilG .

LW-39




#20MPING TEST
FUMPING TEST

A
?j Test pump

F 4

................ in................Bowl..............Stages
Permanent pui
Length of column ..o, Ft.
Length of Bowl ....ooooiiiiiiiiiiieeeene. Ft.
Length of suction ..o Ft.
B. Measured water level ................... Ft. from top of .......... In. || ORIFICE
dia. casing which is .......cccccceee... Ft. above ground. ............................ D S
C. Length of airline .................. Ft. from top of casing. || eeeeeeeeen D SN
; INCHES
TME |  MANOMETER GPM prifyes ever pOWN
>, 50 Pm’ ’ 0 - Z‘ 0
251 75 (4.0
2:52 15 ZO, 8
U 75 ‘ 21.8'
z:54 75 214
2is5 75 23,5
2100 L0 245
2s 50 24,2
2:30 50 247"
400 50 25,0
5:00 50 254
RecoverY Erom 2549 To 15.2' ey 5:30|(30 T,

Pump No.

1" Permanent
N 7 Layne

Permanent air line length

Ft. Date

installed by

Year



CONSTRUCTION OF WELL

: Ll
|0
SROLIND \__E\/EL.\\ \\ I
\ \ (Al
CLAN _ % % 14.0
\ ‘ \ \\
3 (2]
o 0 .0
— 0o 0
236G
o
(2]
o
o O
GRAVEL -
Ooo o
0 o
o[22z |
3 o - - an
SHUTTER ’ R
| ScReeN el D 5: o
WASH PLUG SN (U ;
. Ooo \‘\( —— O O '
; | Zo”
18“
 Dritk HoLe




CONSTRUCTION OF WELL

i A
’! OH
_CROUND LEVEL \
\\\
\ 1M
N \\ \\ V
_ ‘ ‘ % . v,
o0 0 6& (I
INNRR cASING -
2 (o. L“ '
o% 2,
- [}
oo &
GRAVEL. - o= oo
o|——|—- o J\A
SHUETTER oo N o0
SCREEN - |
P 5’0
WAS H PLUG : : :‘:

0o o —_—— 000 Y V



. PUMPING TEST

A,
Test pump
................ In....eeeee... Bowl...............Stages
Permanent pump
Length of column .oooooooeieeeee . IFt.
Length of Bowl woooooooooiiee Ft.
Length of suction .....ccocoveveeeeenne... Ft.
B. Measured water level .................. Ft. from top of ........... In. || ORIFICE
dia. casing which is .................... Ft. above ground. || ... . SUUR
C. Length of airline ................. Ft. from top of casing. || oo D USRI
| INCHES
‘ ORIFICE 5 ALT. GAGE WATER DRAW
TIME [ MANOMETER GPM READING LEVEL DOWN
' | | 0 f | 0
q:00 am 42 .0 4.5
i
q.0I 43.0 il .3
_
9402 42.0 12.5
. i
L 0B 43.0 12,6
q:04 43.0 4.4
' —
a:05 420 [>.0
|
4:10 43.0 (1.0
g e |
g5 430 (8.0
. |
9:30 43,0 zo. 1
10:00 43.0 2i.1"
i
% = il I . l . k{)
ECOVERY EROM 23l To 9. ¢ Y 2= o 20 mingtes

17 Permanent Pump No. installed by
: Layne

Permanent air line length Ft. Date

Month Day Year

()




APPENDIX C

In Situ Hydraulic Conductivity Test Data




OBRIEN &6 GERE

N

IN-SITU PERMEABILITY TEST
FIELD LOG

PROJECT _ALLC LOCATION
WELL NUMBER /2] XD ELEVATION
DATE U jid [ES
/7
. WATER 7 Heh
— Mg~ DEPTH b h H—Ho
7777 [7777 | 5 TES > T 1,
STATIC HEAD (H) /40 |58 loga | o6 Urq | A8
- B v J /00 T 7 VT W ) S
= PIPE RADIUS (r) e/ |l B LA ol
X {0 55 = 3 ji..50 7
. SCREENRADIUS (R) ¥ e fiil lop oo i)
4 L. L AR Iy
) SCREEN LENGTH (L) L. |4 1292 198 L% |.ic
! (L CleEs 1o Tef3 s 57
_| =0 INITIAL HEAD (Ho) 0.5 |23 [g3F | £S5 poov | s
i . 00 1443 [ 00 Lw2i | 37
n| I T HYDRAULIC coNDUCTIVITY ;LS 140 L /12 Pogs | 2
T = U i | FEES| 40 [pge | 3C
B K=rIn(L/R) 9 g /9 1333 [0
L=l
o le— R 2L To "y
S STV ke _ A x0T "spe
7.9 A107¢ £t/sec
1.0 ,
0.9
0.8
0.7
0.6
0.5 1 T ‘
To) 0.37 ]
0.3 :
0.2 =
0.1

TIME



I

i
M

OBRIEN & GERE

I

IN-SITU PERMEABILITY TEST
FIELD LOG

PROJECT __ AL C LOCATION
WELL NUMBER, Ll 2 ELEVATION
DATE /! /L%j L5
WATER
/ . H=h
—  fe—r %TE’) DEPTH h H—Ho
7777 [T777 O i o 25" {
STATIC HEAD (H) 3659 |3 1715 [ 3) 1355 | 4G
i o 5 a5 | .o WR5775],79
= PIPE RADIUS (r) L83 =63 7o | B8 1Qpp L7
Lo le.& LLF 2603 | (8
SCREEN RADIUS (R) «0£3 |32 1£p3 /03 Al3p]
s t B Lol 185 /o) Bescl of
SCREEN LENGTH (L) 2 L4l £33 |9y RAevd | 5
Q1 &l A1 .84 ] .48
H N 9 A 1. = 5(4
=0 INITIAL HEAD (Ho) .25 3% 1763 13 3c 9171,
1| — | (Hej 3y 1766 [ 3¢5 [99,39] 39
n| IS4 T HyDRAULIC coNDUCTIVITY (8L 7.5C 197 [ag sl ¢
T = , — 77’/3 e
= 0l K=rIn(L/R .5C /.1 . 2C |2) 2| 0
Le=ey _L (L/R) AL | 720d 1200 1N G | b
N b 2LTo y | 1oC TCFE 1009 hp 1 1)
LYY DATUM - 4.3 X0~ “mfsee
T4 IC™ fhec
1.0
0.9
0.8
0.7 :
0.6 ! ] T
0.5 : :
.To) 0.37
0.3
0.2 5 H
0.1 1

TIME



OBRIEN & GERE

lla

IN-SITU PERMEABILITY TEST
FIELD LOG

PROJECT _CC LOCATION NARY/ILE  NA
WELL NUMBER, )3 ELEVATION
DATE (LI5S
/
WATER
— TMe  DEPTH | h
/7 /777 /7777 ‘ O /7’]&) O /‘;
STATIC HEAD (H) MY 43 15 | A3 ALk
|18 1/3 231708 |4 63
hnki 28R s 1929 120
= P[PE RADIUS (r) FRaY — — -~ D %’ Fa L (qvd
AN /At 3.5 g lte |,
23 |45 1109 A8 19 957
SCREEN RADIUS (R) .23 [£ls /ey 1715 |9
|t ) IHE NG 757|528 | B
SCREEN LENGTH (L) C LB 1S58 16LE | /7.08
(L C_ LEC 17751500 17
_| =9 INITIAL HEAD (Ho) S 1233 190 1933 Uil
-=:-_: T HYDRAULIC CONDUCTIVITY :
=\ L
=|" | K=rIn(L/R)
R 2LTo -
DATUM ke _ 3.7x10°7 Cm/see
A X107 fr/s0c
1.0
0.9
0.8
0.7
0.6
0.5 = =
.To) 0.37 = J
3
0-3 L
0.2
T
o 2 4 Lrim 3 10

minN



OBRIEN & GERE

s

IN-SITU PERMEABILITY TEST
FIELD LOG

PROJECT ALC L LOCATION JIARIVILLE _N]¢
WELL NUMBER, ! 45 ELEVATION
DATE //// /4 // AS
WATER
— f—r (%/g) DEFTH ___: h :‘:°
7Yl F777 O 7331 O ZL7 1
STATIC HEAD (M) (27 [ 2 Jw25] 5 [Zast 95

98 /.58 70 92| 953

t=00 T T
= PIPE RADIUS (r) Sl Ul Vo350 e L EeT 1 9]
1.5 |ie 20|, 5% 1900 | FY
SCREEN RADIUS (R) =33 ELR Lo/ 1321959 09
_ t Ak IS )E InAsT )T

il V308 193] ¢4

gl 0
T~

e fols kefofrfor

t=0 INITIAL HEAD (Ho) P Ul YR e URER | .57
:__ , : "Qf"f"c Ry {ﬂlf\' i3 ,;3/ ’7“{
5: —T— HYDRAULIC CONDUCTMITY : [H2LE VBT 9ne A5 1. 28
=l L
= K=rIn(L/R
— '_| i n( / )
[ 2LTo -
—R ‘ s
DATUM ke _BA x10” ({”‘/jf(';
27 X107 e
1.0
0.9 ==
0.8
0.7 =
0.6 J :
0.5 =: = = :
.To) 0.37
0.3
0.2 1 |
0.1

10 20 30 me 40



Ul

Yy /] /1
proJecT _ALLC

OBRIEN & GERE

FIELD LOG

IN-SITU PERMEABILITY TEST

LOCATION 4RV 1mtl 177C,

WELL NUMBE? 40 ELEVATION
DATE 19/bS
‘ ~ WATER
miAi) H-h
— <TIME DEPTH h H—Ho
7777 [T777 0 1y | O .57 /
STATIC HEAD (H) QA2 |23 i33hl .03 |4 4R] ¢
oo (H) [ AT /A 7)' /',-5%’ HQ.?’Q‘\' ,7&‘
¥ — PIPE RADIUS (r L3 L3 Ve 193 39921 b
(r) SO EEN) 2, 2.£3 133 9] 57
SCREEN RADIUS (R) -LF3 [3oc /2 200 2 98 1.5
_ t . .50 UpcC |9 D0 |35 00| 43
" SeReEN LeNGTH (U 5 |aeil 9 15l B L
(L) 251977 162 s gal 39
= g ) 45C : /:-é'/‘vﬂ Q-Dg L ‘J- LVZ‘; 1 4-7 as’}’
=0 INITIAL HEAD (Ho) X059 |ELo|7.33 |Flb 0L L7
N D (He) L3560 | 9.25715 00 [22.95] .07
= : T HYDRAULIC CONDUCTIVITY :
= L
= ;} K=rIn(L/R)
| ZLTO
e—R sl
DATUM Ke R.boA | i fse
5.7 ><[ﬁ e Lrlsec
1.0
0.9 - ===
0.8 = = :
0.7 = ; =
06 ; : é
0.5 = :
.To) 0.37 =
0.3 =
0.2 —
0.1 - - L )
/ R 3 =i Crive 7 /0 /| / 15 iy

med



_§§§ OBRIEN & GERE
IN—-SITU PERMEABILITY TEST
FIELD LOG
PROJECT N~ c ¢ LOCATION
WELL NUMBER o oo ELEVATION
DATE  _ii.io-
WATER e
—= TmMe  DEPTH | h H—Ho
7777 [7777 C T " 3
STATIC HEAD (H)  _tws' [ S NEREEE
t=00 '.;‘ ) i
= PIPE RADIUS (r) . OB - ' ,
t SCREEN RADIUS (R) _-3&
- SCREEN LENGTH (L) o -
[
"1 || =0 INITIAL HEAD (Ho) i ‘ 3
h| =] T HYDRAULIC CONDUCTIVITY : |t < |9y
oIS L s L 14g
=] K=rIn(L/R)
- — 2LTe 7 ) I e e o v T fvre
L DAY K= _42 10" ° cmseg OO 9T Rt IO AT
1.0 % el
0.9
0.8 =
0.7 =
YY==== ' : ===
0.5 - 3 i = ‘

.To) 0.37 = = ' '
0.3 = !
0.2 i = : i

NG —

m

g L |

6 [N | T | |
10 20 3¢ TIME . “Hp e &

A
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1]
I

OBRIEN & GERE

I

IN-SITU PERMEABILITY TEST
FIELD LOG

PROJECT AULLC LOCATION [NARYIUE /70/)
WELL NUMBER /ST ELEVATION
DATE ////L///,%’(
ol \‘) WATER ‘ Bl
— %E DEPTH (mtm) h H—Ho
7T [T O 92 0 _[psfl |
STATIC HEAD (H 5’[ 7 4 //"‘.L:C . ?C*.!ﬁ‘(: —:L;/
t=00 () 7’?; 183 )ity (R0 17].47
e 2= r83 LG 19621203 [2e3p] v
= P | Lo X / e 120, ] 2 o
IPE RADIUS (r) [35 [9pe (225 30 wel o
SCREEN RADIUS (R) «££3 |27C Yo7 |gec Bryel 05
t 375 1950 [ &35 1B80.5 35

SCREEN LENGTH (L) 5

t=0 INITIAL HEAD (Ho)  2£356

T HYDRAULIC CONDUCTIVITY :
L

K=rIn(L/R)

2LTo °

DATUM K= "/.‘5,()(“'“(/ C"”/jec;'
5 xic™S Fthsee

1.0

0.9 K

0.8

0.7

0.6

0.5 =

\To) 0.37 e

0.3

0.2

0.1 ; —




OBRIEN &5 GERE

g

IN-SITU PERMEABILITY TEST
FIELD LOG

prOJECT ALCC menran e
WELL NUMBER, Ut/ (rD ELEVATION
DATE //// EYEES

GC/C> WATER (}y),,u\‘)
— TME _ DEPTH

7777 (7777 | O Fé"? O
STATIC HEAD (H)  [2.5F |40 (500l .33
t=00 o =) Q/ e 7\ ) 5
= PIPE RADIUS (r) e
29 DA i 3
SCREEN RADIUS (R) A% |74 17/ | o¢
: [y .09 (257
SCREEN LENGTH (L) Lo 253 Lo gA 1125

REC Np. 77 | 4. 3312 )y

=0 INITIAL HEAD (Ho) /5

} 'E:_: T HYDrRAULIC CONDUCTIVITY :
He'. =" L
= K=rIn(L/R
g (/R
le—QR 21*To
R.3x10°5 cf/fjg‘c_
1.0 ¢
0.9 X
0.8
0.7 :
0.6 E =
0.5 N ]
.To) 0.37 B
0.3 =
0.2
0.1 -
! = 3rive 4 5

(min)
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1]
I

OBRIEN & GERE

I

IN-SITU PERMEABILITY TEST
FIELD LOG

ProveCT _ALCC LOCATION JRLV i /70
WELL NUMBER /24 &8 ELEVATION
DATE U LA/ES
WATER
=0 ) H-h
— f—r <%§E | DEPTH h____ H-Ho
7777 (7777 o solz s
STATIC HEAD (M)  [997 {2c 1908 l2e L2 Aal.o5
oo S0 £33 ¢ UE YD .32
= 003 28 12051 78 19551 .73
- PIPE RADIUS (r) = [Gr (792142 |15 e¢
t SCREEN RADIUS (R) LEZ3
B SCREEN LENGTH (L) -2 _
"| || =0 INITIALHEAD (Ho) [&.&
hl}—;_} T HypRAULIC coNDUCTIVITY :
Ho. = L
HE N K=rIn(L/R)
L=l
N LT 2LTo
: DATUM ke Q.0 51070 Cmiseq

b7 x10°5 ft/s5¢c

1.0

0.9

0.8

0.7

0.6

0.5 ===

To) 0.37

0.3 =

0.2 ; \

0.1




I

:== OBRIENG GERE
IN-SITU PERMEABILITY TEST
FIELD LOG
PROJECT _ALCC LOCATION “//f//—}’/i7 gl;’({:', /7O
WELL NUMBER AU(' "/ ELEVATION
DATE _ L1385
/ % WATER
) H=h
— f—r TME  DEPTH | h H—Ho
77T [T o, O /431 © oyl
STATIC HEAD (H) C 25 NG 2 77 124.3 o]
P S| KRG DY 201 /2
t=@ oUN | "/AL; ;7,‘11 /':‘:[. .ﬁ///l .4’1
= PIPE RADIUS (r) LE2° U253 186 (75 1309 | 5]
Q500 ¢ la50 [o79 | 23
t SCREEN RADIUS (R) .5 [ col /7 |90 1975 |39
B SCREEN LENGTH (L) /5
| =0 INITIAL HEAD (Ho) '
-22-_: T HvprAULIC coNDUCTIVITY :
= L
= Jl K=rIn(L/R)
[ 2LTo
re—R . .
DATUM K= 35 5107 C/see
[ A A1C7T )/ s5ec
1.0 3¢
0.9 EX
0.8 =
0.7 -
0.6 = .
0.5 + ; : I
To) 0.37 l ?
0.3 =
0.2
0.1

! L STiMe 7




EEE OBRIEN & GERE
IN-SITU PERMEABILITY TEST
FIELD LOG
PROJECT _ALCC LOCATION LRV ILE 100
WELL NUMBER 1000 & ELEVATION
DATE //// 3/85
WATER
hiv H—-h
— f—r - CmAE> . h H—Ho
7777 7777 | O Jq,bz: \/{-) QLf—)i /
STATIC HEAD (H) X940 [ 12631 . Rk i)l
oo ~ 32 lescl 22 Moo wo
= PIPE RADIUS (r) LB 'j Edo L /o e )5 ';:27
) 2Ll N AL < I, )
SCREEN RADIUS (R) L£3 |23 1700 1. 72 A0 9 Yo
REE i 2N A I S T 2
SCREEN LENGTH (L) 3 {23 1299 U oy @749kl .g0
L) p 2 75712 1930
H = a <y VS B4R Rk <71 2 L/
|| =0 INITIAL HEAD (Ho) Y5 |29k ]2.A5 1376139 751.3
i (Ho) w2 S o5 bl |5 LIIRE.39] .22
= : T HYDRAULIC CONDUCTMITY :
= L
= ;: K=r*In(L/R)
" 2LTo
re— R . ‘7/
RATHM K= J-Q;(/U Cjse e
7.4 x IU €r/vdc.
1.0
0.9
0.8
0.7 =
- 0.6 1
0.5 ‘ [ :
\To) 0.37 S =
0.3 S======s
0.2 i : f
0.1

TIM

(i)




APPENDIX D

Glacial Till Grain Size Curves

and

Laboratory Hydraulic Conductivity Test Results




Al

Prolessional Service Industries

i
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